An early gene function of simian virus 40 (SV40) is involved in the control of SV40 DNA synthesis and in the process of cellular transformation by SV40. Complementation studies with temperature-sensitive mutants have identified a single early gene, known as gene A, in SV40 (9, 32) . In infection of permissive cells with SV40, the gene A product is required for the initiation of both SV40 and host cell DNA synthesis (8, 10, 20, 57) . It is also required for the initiation and subsequent maintenance of transformation in permissive cells infected by SV40 (6, 29, 30, 43, 45, 58) .
SV40 tumor antigen (T-antigen), implicated as the gene A product, is found in the nuclei of permissive and nonpermissive cells infected by SV40 and in the nuclei of cells transformed by SV40 (5, 48, 59 ). It appears early after infection of permissive cells by SV40 (25, 52) , and its presence is correlated with the initiation of SV40 and host DNA synthesis and with transformation of cells by SV40 (4, 20, 21) . In addition to SV40 T-antigen, U-antigen and tumorspecific transplantation antigen (TSTA-antigen) are the two other SV40-specific antigens found consistently in SV40-infected and -transformed cells (18, 39) .
Several lines of evidence suggest that SV40 T-antigen is SV40 coded. In cells infected with temperature-sensitive mutants in SV40 gene A (tsA mutants), there is overproduction at the restrictive temperature of a 100,000-dalton (1OOK) protein immunoprecipitable with antiserum from hamsters bearing SV40-induced tumors (SV40 anti-T serum) (59) . T-antigen in cells infected with SV40 tsA mutants is more . 51 152 MANN ET AL.
heat labile than T-antigen from cells infected with wild-type virus (2, 60) , and it is induced in mouse kidney cells in the presence of actinomycin D after microinjection of SV40 RNA complementary (cRNA) synthesized from SV40 DNA in vitro (19) . Cell-free translation systems have provided evidence supporting the conclusion that SV40 T-antigen is SV40 coded (1, 3, 7, 49, 50, 54) . Finally, infection with a deletion mutant of SV40 gene A results in a lower-molecular-weight protein with peptides related to the lOOK protein from infections with wild-type SV40 (56) .
We have used the nondefective adenovirus 2 (Ad2)-SV40 hybrid viruses to provide rigorous proof that SV40 T-antigen is indeed an SV40-coded protein. The hybrid viruses contain different lengths of SV40 DNA from the early region covalently inserted at the same site in the Ad2 genome (11, 22, 27, 35, 44) . The spectrum of SV40-specific tumor antigens induced by each hybrid virus differs: Ad2+ND1 induces only U-antigen (38, 39) , Ad2+ND2 induces Uand TSTA-antigens (38, 40) , and Ad2+ND4 induces U-, TSTA-, and T-antigens (38) . Ad2+ND3 and Ad2+ND5 do not induce any detectable SV40-specific antigens (38) . Previous studies have identified the SV40-specific proteins in HeLa cells infected with the Ad2-SV40 hybrid viruses (12, 13, 61) . These proteins are the 28K protein of Ad2+ND1-infected cells, the 42K and 56K proteins of Ad2+ND2-infected cells, the 42K, 56K, 60K, 64K, 72K, 74K, and 95K doublet proteins of Ad2+ND4-infecteci cells, and the 42K protein of Ad2+ND5-infected cells. (The SV40-specific proteins are referred to on the basis of their apparent molecular weights determined from sodium dodecyl sulfate [SDS]-polyacrylamide gels. Thus the 28,000-dalton protein of Ad2+ND1 is called the 28K protein, and so on.) There are no detectable SV40-specific proteins in Ad2+ND3-infected HeLa cells. Most of the SV40-specific proteins are immunoprecipitable with SV40 anti-T serum from hamsters bearing SV40-induced tumors (12, 13) , implying that structurally related proteins are expressed in SV40-induced tumors.
In this paper, we compare the tryptic peptides of the SV40-specific proteins in Ad2-SV40 hybrid virus-infected cells with the tryptic peptides of the SV40-specific proteins synthesized in vitro from SV40-specific RNA and finally with the tryptic peptides of SV40 T-antigen immunoprecipitated from SV40-infected monkey cells with SV40 anti-T serum. We show that all the SV40-specific proteins identified in the Ad2-SV40 hybrid virus-infected HeLa cells are SV40-coded and not host-coded proteins. In addition, we show that SV40 T-antigen is an SV40-coded protein.
MATERIALS AND METHODS
Viruses and cells. Seed stocks of nondefective Ad2-SV40 hybrid viruses Ad2+ND1, Ad2+ND2, Ad2+ND3, Ad2+ND4, and Ad2+ND5 were obtained from A. M. Lewis, Jr. High-titer stocks of Ad2, Ad2+ND1, Ad2+ND2, Ad2+ND3, and Ad2+ND5 were prepared in HeLa S3 cells grown in Eagle minimum essential medium (MEM) for suspension culture supplemented with 5% calf serum. Stocks of Ad2+ND4 were prepared in CV1 cells grown in Dulbecco modified MEM (DMEM) supplemented with 10% fetal calf serum. Stocks were plaque titered on HeLa monolayers (62) . The virus stocks used in these experiments had a titer of 109 PFU/ml except for Ad2+ND1, which had a titer of 5 x 1010 PFU/ml, and Ad2+ND4, which had a titer of 4 x 107 PFU/ml.
Large-plaque SV40 stock was prepared in TC7 cells grown in DMEM plus 10% fetal calf serum and an amino acid supplement of arginine, histidine, and glutamine (53) . After being concentrated by pelleting, the titer of the SV40 stock was 5 x 109 PFU/ml.
Infection and labeling of cells. (i) Ad2-SV40 hybrid virus experiments. HeLa S3 cells in suspension were infected at a concentration of 107 cells/ml with Ad2 or Ad2-SV40 hybrid virus stock (multiplicity of 102 PFU/cell). In the case of Ad2+ND4, HeLa S3 cells were infected at a concentration of 0.5 x 107 cells/ml with 4 ml of Ad2+ND4 virus stock (multiplicity of 8 PFU/cell). After an absorption period of 20 min, the cells were diluted with MEM for suspension culture to a final concentration of 2 x 105 cells/ml. Between 30 and 40 h postinfection, when nucleoli had disappeared, the cells were washed once with MEM for suspension culture lacking methionine and labeled at a concentration of 106 cells/ml in medium lacking methionine and containing 165 ,Ci of [35S]methionine (specific activity, 300 Ci/mmol; New England Nuclear NEG-009H) per ml and 5% dialyzed calf serum. Under these labeling conditions, the incorporation of [35S]methionine into protein was linear for 4 h. After labeling, the cells were washed once with MEM for suspension culture and were resuspended in 1 ml of ice-cold lysis buffer (0.14 M NaCl-3 mM MgCl2-10 mM Tris-hydrochloride, pH 7.4) with Nonidet P-40 (NP-40) added to a final concentration of 0.5%. After 10 min at 4°C, the cell lysate was spun in an IEC centrifuge (model PR-2, rotor head 269) at 2,000 rpm (800 x g) for 10 min, the supernatant (cytoplasmic extract) was removed, and the nuclei were washed once with lysis buffer. The nuclear pellets were dissolved in 0.5 ml of electrophoresis sample buffer (0.0625 M Tris-hydrochloride [pH 6.81-3% SDS-5% 2-mercaptoethanol-10% glycerol-0.001% bromophenol blue-2 mM phenylmethylsulfonyl fluoride). The cytoplasmic extracts were diluted 1:1 with 2 x electrophoresis sample buffer. The nuclear samples were sonically treated with a Branson Sonifier for 10 s at position 4. All samples were heated for 2 min in a boiling water bath.
SV40 CODING OF SV40 T-ANTIGEN
153 seeded on a 10-cm2 plastic petri dish and infected 24 h later with 0.5 ml of SV40 virus stock at a multiplicity of 20 PFU/cell. After an adsorption period of 1 h, 10 SV40 DNA-Sepharose. SV40 DNA form I was prepared from SV40-infected TC7 cells by the Hirt extraction procedure (24) followed by equilibrium centrifugation in CsCl-ethidium bromide (51 Extraction of cytoplasmic RNA from Ad2-and Ad2-SV40 hybrid virus-infected HeLa cells. HeLa S3 cells in suspension were infected with Ad2 and Ad2-SV40 hybrid viruses as described above. Between 35 and 45 h postinfection, after the nucleoli had disappeared, the cells were pelleted and washed twice with MEM for suspension. The cells were suspended in cold reticulocyte standard buffer (0.14 M NaCl-3 mM MgCl2-0.01 M Tris, pH 7.4) and lysed by 0.5% NP-40. After the nuclei were removed by centrifugation, SDS was added to the supernatant to a final concentration of 1%. The cytoplasmic fraction was then extracted two times at room temperature with phenol-chloroform (1:1), saturated, and equilibrated with 0.1 M NaCl-5 mM EDTA-50 mM Trishydrochloride, pH 7.5. The aqueous phase obtained was extracted with 1% isoamyl alcohol in chloroform and finally precipitated with ethanol at -20°C. The RNA was stored at -20°C in ethanol until used for translation, fractionation on oligodeoxythymidylate [oligo(dT)]-cellulose or hybridization to SV40 DNASepharose. Where indicated, polyadenylate-containing RNA was selected from total cytoplasmic RNA by oligo-(dT)-cellulose chromatography.
Hybridization of RNA to SV40 DNA-Sepharose. The cytoplasmic RNA from Ad2-or Ad2-SV40 hybrid virus-infected HeLa cells was hybridized to SV40 DNA-Sepharose, essentially as described by Gilboa et al. (17) . SV40 DNA-Sepharose was equilibrated in hybridization buffer (0.05 M Tris-hydrochloride-0.75 M NaCl-0.5% SDS-1 mM EDTA-50% deionized formamide, adjusted to pH 7.5). RNA (0.5 to 1.0 mg) extracted from Ad2-, Ad2+ND1-, Ad2+ND2-, Ad2+ND3-, Ad2+ND4-, or Ad2+ND5-infected HeLa cells was added to 1.5 ml of SV40 DNA-Sepharose and agitated in a water bath for 3 h at 37°C. Unhybridized RNA was removed after centrifugation, and the Sepharose was washed with three 5-ml washes of hybridization buffer. Hybridized RNA was then eluted stepwise at 37°C with: (i) three 2-ml washes of 98% deionized formamide in 10 mM Tris-hydrochloride-0.1 mM EDTA-0.01% SDS, adjusted to pH 8.5, and (ii) three 2-ml washes of 1 M NaCl. The washes within each elution were pooled. The two eluted RNA fractions were precipitated individually with ethanol at -20°C after addition of carrier yeast VOL. 24, 1977 In vitro translation of RNA in a wheat germ system. The cytoplasmic RNA fractions were translated in a wheat germ system, prepared essentially as described by Roberts and Paterson (55) . The incubation mixture has been previously described (26) , with inclusion of 0.8 mM spermidine to obtain the optimum rate of translation and synthesis of polypeptides over 100,000 daltons. The 375 ,ug of total cytoplasmic RNA per ml were incubated for 2 to 3 h at 27°C.
Polyacrylamide gel electrophoresis and fluorography. The SDS-polyacrylamide gel system of Laemmli (31) and Maizel (41) was used. Electrophoresis was performed at a constant current of 10 mA. After electrophoresis, the gels were prepared for fluc.ography as described by Laskey and Mills (33) .
Peptide mapping. Extracts from Ad2-and Ad2-SV40 hybrid virus-infected HeLa cells, immunoprecipitates of T-antigen from SV40-infected CV1 cells or from SV3T3 cells, and in vitro translation products from SV40-specific RNA, all labeled with [35S]methionine, were prepared for electrophoresis as described above. Samples containing approximately 0.75 mg of protein in electrophoresis sample buffer were applied to 2-mm-thick preparative SDSpolyacrylamide slab gels. Electrophoresis was performed at a constant current of 20 mA per gel. After electrophoresis, the gels were dried under vacuum over a boiling-water bath, and labeled proteins were visualized by direct autoradiography. Those sections of the gel containing the Ad2-and SV40-specific proteins were cut out, and the proteins were eluted in 0.05 M ammonium bicarbonate containing 0.1% SDS and 10% 2-mercaptoethanol as described previously (12) . The protein preparations were oxidized with performic acid as described by Hirs (23) . The oxidized proteins were digested with L-(1-tosylamido-2-phenyl)ethyl chloromethyl ketone-treated trypsin and subjected to peptide analysis on thinlayer cellulose plates as described by Gibson (16) .
RESULTS
Peptide analysis of in vivo SV40-specific proteins. The early region of the SV40 genome can code for approximately 100,000 daltons of protein. The different Ad2-SV40 hybrid viruses contain overlapping segments of different lengths of the SV40 early region inserted at the same site in the Ad2 genome (27, 34) . If the SV40-specific proteins are SV40 coded, then the proteins induced by any one hybrid virus should have overlapping amino acid sequences with all the SV40-specific proteins induced by J. VIROL. the other hybrid viruses. In addition, more than one SV40-specific protein is induced when cells are infected with either Ad2+ND2 or Ad2+ND4 (13, 61) . Since the highest-molecularweight protein induced in each case saturates the coding capacity of the SV40 DNA insert, it is likely that the different-molecular-weight SV40-specific proteins within each infection contain overlapping amino acid sequences with one another if they are SV40 coded. To investigate these possibilities, we carried out tryptic peptide analysis on purified SV40-specific proteins labeled in vivo.
[35S]methionine-labeled proteins from Ad2+-ND1-, Ad2+ND2-, Ad2+ND4-, and Ad2+ND5 hybrid virus-infected HeLa cells were separated by preparative SDS-gel electrophoresis, extracted from the gel, and digested with trypsin. The tryptic peptides were analyzed by twodimensional separation on thin-layer cellulose plates (see Materials and Methods). The peptide maps are presented in Fig. 1, 2 , and 3. It can be seen that all the in vivo proteins identified as being SV40 specific are structurally related to each other. For the purposes of this discussion, the upper protein of the Ad2+ND4 95K doublet will be referred to as the 100K protein. Only the Ad2+ND4 100K protein of the 95K doublet was mapped, since during a 4-h label with [35S]methionine the predominant protein labeled was the 100K. The peptides common to the series of proteins are numbered in order of appearance as one progresses in molecular weight from the 28K protein of Ad2+ND1 to the Ad2+ND4 100K protein. The molecular weights of the SV40-specific proteins increased in proportion to the size of the SV40 DNA inserts. Therefore, assuming that these proteins are SV40 coded, the lower numbers represent those peptides coded for by the 3' end of the SV40 early region, and the higher numbers represent those peptides coded for by the 5' end of the early region. The common methionine-containing peptides were not clustered but were distributed throughout the length of the SV40-specific proteins (Table 1 ).
An examination of the peptide maps shows that some peptides were more intensely labeled than others. This may be because they contained more than one methionine residue; alternatively, the variation in intensity could have been due to differential completeness of tryptic digestion. In addition, certain tryptic peptides, such as peptides 6 Ad2+ND4 42K and 64K proteins ( Fig. 1 and 2 ). This variation is not found consistently with every map of the same protein; it is possibly due to incomplete oxidation of sulfur-containing peptides. Some of the Ad2+ND4 SV40-specific proteins mapped after the initial extraction from the SDS-acrylamide gels contained contaminating peptides from neighboring Ad2 proteins. The Ad2+ND4 60K, 72K, and 74K proteins were repurified on preparative SDS-acrylamide gels and reextracted before being subjected to tryptic peptide analysis. Peptide analysis of Ad2 lIIa and Ad2 IV was done in order to identify Ad2-specific peptides that might be contaminating these SV40-specific proteins (data not shown). Repurification of the extracted Ad2+-ND4 60K protein on preparative SDS-acrylamide gel electrophoresis resulted in the elimination of several peptides specific to Ad2 IV. These contaminating peptides could be found in the Ad2+ND4 64K protein (Fig. 2, undesignated  peptides) . The 64K protein has not yet been repurified, so we are unable to determine whether peptide 13 is present. The peptide map of the Ad2+ND4 42K protein shows many impurities; since the protein was present in small amounts, it proved difficult to purify it free of contaminating proteins.
We conclude that there are overlapping amino acid sequences in all of the SV40-specific proteins, both among those proteins induced by each individual hybrid virus and among those induced by Ad2+ND1, AD2+ND2, Ad2+ND4, and Ad2+ND5. It is, therefore, possible that all the SV40-specific proteins are SV40 coded since they do not require more genetic information than is needed to code for 100,000 daltons of protein.
In vitro synthesis of SV40-specific proteins from SV40-specific RNA. Hybridization of cytoplasmic RNA from Ad2-SV40 hybrid virusinfected HeLa cells to SV40 DNA-Sepharose selects for RNA molecules containing SV40 sequences, including any hybrid RNA molecules containing both SV40 and Ad2 sequences. Such hybridization eliminates unlinked Ad2-specific and host cell RNA. Identity of the tryptic peptides of the in vivo and in vitro SV40-specific proteins is a prerequisite, although not final proof of SV40 coding of the SV40-specific proteins. Cytoplasmic RNA from mock-infected, Ad2-infected, and Ad2-SV40 hybrid virus-infected HeLa cells was extracted, hybridized to SV40 DNA-Sepharose, eluted, and translated in the wheat germ system (see Materials and Methods). Four samples from each hybridization experiment were translated: (i) unfractionated RNA, (ii) unhybridized RNA, (iii) hybridized RNA eluted with 98% formamide, and (iv) hybridized RNA eluted with 1 M NaCl.
Analysis of the in vitro products from unfractionated cytoplasmic RNAs from mock-infected, Ad2-infected, and hybrid virus-infected cells is shown in Fig. 4 . By comparison with the in vivo labeled marker track, it can be seen that the in vitro products from the Ad2-infected cell RNA had most of the Ad2-specific proteins. However, a number of the less intense bands in the in vitro product did not correspond to Ad2-specific proteins seen in vivo. Comparison with the in vitro product from mock-infected-cell RNA shows that some of these proteins were probably derived from host cell mRNA, although many host cell proteins had completely disappeared, possibly reflecting shutoff of host protein synthesis by Ad2 late in infection. The other background proteins may represent premature termination products from translation of the Ad2 RNA in the wheat germ system (26) .
In addition to the Ad2-specific proteins and host cell proteins, the in vitro product from the different Ad2-SV40 hybrid virus-infected HeLa unfractionated cytoplasmic RNAs had proteins that co-migrated with the in vivo SV40-specific proteins (Fig. 4) . In general, the relative levels of the SV40-specific proteins synthesized in vitro were similar to those seen in vivo (13) . However, proteins that were metabolically unstable in vivo (e.g., the 42K proteins of Ad2+ND4 and Ad2+ND5) appeared more predominantly in the in vitro product, presumably because there is less turnover in vitro. Translation of oligo(dT)-cellulose-selected RNA fractionated from the total cytoplasmic RNAs gave patterns of proteins very similar to those obtained with unfractionated RNA, including all the SV40-specific proteins (data not shown). We conclude that the mRNA's for the SV40-specific proteins are at least in part polyadenylated. The hybridization reaction did not appear to affect the quality of the mRNA, since the pattern of the in vitro translation product from unhybridized RNA was very similar to that from unfractionated RNA ( Fig. 5 and 6 ). However, there were two new proteins with molecular weights of 32K and 80K in the product from unhybridized RNA. The mRNA's for these proteins may have been generated during hybridization by denaturation. For instance, we found that mRNA activities coding for proteins of 31K, 32K, and 66K were unmasked by exposing Ad2-infected HeLa cytoplasmic RNA to denaturing conditions (C. Lawrence and T. Hunter, unpublished data). Translation of RNA selected by hybridization to SV40 DNA results in proteins with molecular weights corresponding to those of the in vivo SV40-specific proteins: the Ad2+ND1 28K protein, the Ad2+ND2 42K and 56K proteins, the Ad2+ND4 42K, 56K, 60K, 64K, 72K, and 74K The relative levels of proteins in the translation products of the unhybridized RNA and SV40-specific RNAs are not directly comparable because we used 1/100 of the total unhybridized RNA and 1/6 of the total SV40-specific RNA in the translation reactions shown. Even so, the in vitro products synthesized from the SV40-specific RNA showed a marked decrease in the Ad2 and host cell proteins, with a strong enhancement of those proteins identified as SV40 specific. In the case of Ad2+ND1, for example, the 28K protein was barely detectable in the product translated from unfractionated RNA (Fig. 5) , and yet in the product translated from the RNA hybridized to SV40 DNA it was the predominant protein synthesized in vitro.
There was a complete absence of Ad2-specific proteins in the products translated from Ad2-infected HeLa RNA that had been hybridized to (Fig. 5) . Although the majority of the Ad2 proteins, such as hexon, were absent from the in vitro products from hybrid virusinfected HeLa SV40-specific RNA, there were some proteins present, in addition to the SV40-specific proteins, that are thought to be Ad2 specific. These Ad2-specific proteins, labeled A through E (Fig. 5 and 6 ), had molecular weights of lOOK, 62K, 31K, 26K, and 20K. The 31K, 26K, and 20K proteins were the only proteins seen in the Ad2+ND3 product from SV40-specific RNA. The lOOK and 62K proteins are thought to correspond to Ad2 Ila and IV. By comparative peptide mapping, we have shown that the 26K protein corresponds to Ad2 Vb, but have not found Ad2 in vivo counterparts for the 31K and 20K proteins. Proteins A through E were not present in the same relative abundance as in the product from unfractionated RNA, and they contrasted with the SV40-specific proteins, which showed strong enrichment after selection of RNA with SV40 DNA. This is clearly seen in the Ad2+ND5 product from SV40-specific RNA, where the Ad2+ND5 42K from Ad2+ND3-, Ad2+ND4-, and protein was enriched and the 62K protein, presumably Ad2 fiber, was weakly labeled relative to the product from the unfractionated or unhybridized RNA (Fig. 6) . The 15K protein, labeled F, was only seen in the translation products from SV40-specific RNA from Ad2+ND2-, Ad2+ND4-, and Ad2+ND5-infected cells; it is an SV40-specific protein containing peptides 5, 6, 7, 8, and 9 (data not shown). The other weakly labeled proteins were presumably translation products from endogenous wheat germ message since they were also seen in the product from SV40-selected, mock-infected HeLa RNA (Fig.  5 ) and in the product obtained when no RNA was added to the wheat germ system (Fig. 5) .
Peptide analysis of in vitro-synthesized SV40-specific proteins. The tryptic peptides of the in vitro SV40-specific proteins synthesized from SV40-specific RNA were compared with those of the corresponding in vivo SV40-specific proteins. SV40-specific RNA from Ad2+ND1-, Ad2+ND2-, Ad2+ND3-, Ad2+ND4-, and Ad2+-ND5-infected HeLa cells was translated in the wheat germ system in the presence of [V5S]-methionine. The translation products were purified and digested with trypsin in the same manner as the in vivo proteins. There was almost exact correspondence between the tryptic peptide pattern of any one in vitro protein (Fig.  7-9 ) and its in vivo counterpart ( Fig. 1-3) . The peptide map of a mixture of the in vivo and in vitro Ad2+ND4 60K proteins showed complete correspondence between the peptides of the two proteins (data not shown). The peptides of the Ad2+ND2 56K and the Ad2+ND4 42K and 56K in vitro proteins, however, did not completely correspond with those of the in vivo proteins. The in vitro Ad2+ND4 42K protein, but not the in vitro Ad2+ND2 42K protein, contained a strong additional peptide that appeared to correspond to peptide 10 found in all proteins of molecular weight greater than 42,000. The explanation for an additional peptide is not known. In the in vitro Ad2+ND2 56K and Ad2+ND4 56K proteins, the characteristic unique peptide E was more weakly labeled relative to peptides 3 and 10 than its in vivo counterpart. If peptide E arises as a result of modification, then it might be present in decreased amount in the in vitro protein.
Peptide analysis of SV40 T-antigen. When extracts of SV40-infected monkey cells (CV1 cells) were immunoprecipitated with serum from hamsters with SV40-induced tumors (SV40 anti-T serum), two proteins with apparent molecular weights of lOOK and 90K were Tryptic digests were prepared from proteins translated from SV40-specific RNA isolated by hybridization to SV40 DNA-Sepharose as described in Materials and Methods. Peptide maps of in vitro Ad2+ND1 28K, Ad2+ND2 42K and 56K, and Ad2+ND5 42K proteins can be seen.
precipitated. These proteins were not precipitated with normal hamster serum and were not precipitated from extracts of uninfected cells. The peptide map of the SV40 90K protein (Fig.   10 ) labeled with [35S]methionine and precipitated with SV40 anti-T serum showed numerous peptides in common with the Ad2+ND4 lOOK protein (Fig. 3) . It is obvious that the 90K protein was strongly related to the whole series of SV40-specific proteins in Ad2-SV40 hybrid virus-infected cells. Seventeen 24, 1977 amount of the SV40 100K protein in the immunoprecipitate, we have not yet prepared a good peptide map of the SV40 lOOK protein. We have obtained in vitro synthesis of a lOOK protein by using SV40-specific RNA isolated from SV40-infected cells in both the wheat germ system and mRNA-dependent reticulocyte lysate (47) . This protein is identical in size to in vivo Tantigen, is immunoprecipitable by SV40 anti-T serum, and has methionine-containing peptides in common with in vivo T-antigen (K. Mann, H. Linke, T. Hunter, and G. Walter, manuscript in preparation).
When extracts of SV40-transformed mouse cells (SV3T3 cells) were immunoprecipitated with SV40 anti-T serum, two proteins with apparent molecular weights of 100K and 110K were precipitated. The peptide map of the SV3T3 100K protein shows that all the [V5S]-methionine-labeled peptides found in the Ad2+-ND4 100K protein (Fig. 3) were also found in the SV3T3 100K protein (Fig. 10) , although peptides 13 and 21 were too weakly labeled to be apparent in the photograph. In addition to peptides M and N, found in both the SV40 90K protein and the SV3T3 lOOK protein, there were two more peptides, P and Q, found in the SV3T3 lOOK protein that were not found in either the SV40 90K or Ad2+ND4 lOOK proteins (Fig. 10) . The M and N peptides in the SV40 90K and SV3T3 lOOK proteins and the P and Q peptides in the SV3T3 100K protein may be coded for by that region of the SV40 DNA (from 0.59 to 0.67 on the SV40 map) that is transcribed in the early phase of SV40 productive infection but is not part of the Ad2+ND4 hybrid virus genome (28, 34) .
DISCUSSION
Our studies prove that SV40 T-antigen, defined as a protein of 90,000 to 100,000 daltons in SV40-infected or -transformed cells that is immunoprecipitable with serum from SV40 tumor-bearing hamsters, is an SV40-coded protein. We have also shown that all the SV40-specific proteins found in Ad2-SV40 hybrid virus-infected cells are SV40 coded. The experimental evidence leading to these conclusions can be summarized as follows. (i) Tryptic peptide mapping has demonstrated that the SV40-specific proteins in hybrid virus-infected cells ranging in size from 28K to lOOK represent an overlapping set of gene products such that the smaller proteins are completely overlapped by the larger. (ii) The majority of methionine-containing tryptic peptides of the largest SV40-specific protein, the Ad2+ND4 lOOK protein, which is representative of the whole overlapping set, are identical to those of T-antigen from SV40-infected (90K protein) and SV40-transformed (1OOK protein) cells. Although in theory the Ad2+ND4 lOOK protein and all the other SV40-specific proteins could have been Ad2, SV40, or host coded, the peptide mapping result argues against the possibility of Ad2 coding. All peptides in common among the SV40 90K protein, the SV3T3 lOOK protein, and the Ad2+ND4 lOOK protein can only be SV40 or host coded, since SV40-infected and -transformed cells do not contain Ad2 information. (iii) All the SV40-specific proteins including the Ad2+ND4 lOOK protein were synthesized in vitro on SV40-specific RNA isolated from Ad2-SV40 hybrid virus-infected cells and selected with SV40 DNA. This result makes it extremely unlikely that any part of the Ad2+ND4 lOOK protein or other SV40-specific proteins could be host coded. This would require excision of the SV40 DNA insert from the Ad2 genome and integration into the host cell genome. In addition, there are three different host cells involved in the preparation of the Ad2+ND4 lOOK protein (HeLa cells), the SV40 90K protein (CV1 cells), and the SV3T3 lOOK protein (3T3 cells), and yet the majority of the peptides of the three proteins are chemically identical. We conclude that the majority of the Ad2+ND4 lOOK protein and the other SV40-specific proteins must be coded for by SV40. Furthermore, SV40 T-antigen (the SV40 90K protein and the SV3T3 lOOK protein) must also be SV40 coded to the extent that it shows common sequences with the Ad2+ND4 lOOK protein. Because of the identity of the peptides distributed throughout the Ad2+ND4 lOOK protein with the peptides of SV40 T-antigen, we can also conclude that the non-methionine-containing peptides, interspersed between the methionine-containing peptides, are SV40 coded. There is only uncertainty about the amino-terminal and carboxyterminal ends of the Ad2+ND4 lOOK protein and of T-antigen, which may give rise to one or more tryptic peptides not containing methionine. The same uncertainty exists for the ends of the largest SV40-specific proteins coded for by each of the other hybrid viruses. Since we have studied only the methionine-containing tryptic peptides, we cannot be certain whether both ends of the T-antigen molecule are SV40 coded. This question might be approached by studying the tryptic peptides of the proteins labeled with a 14C-amino acid mixture.
Since the [35S]methionine-labeled peptides of the Ad2+ND1 28K protein are coded for by the 3' end of the SV40 early mRNA (15, 61) , their reiteration in all the higher-molecular-weight products from the SV40 early region suggests that all the SV40-specific proteins have a common C-terminal region. This implies that the different-molecular-weight products must be generated through independent initiations, either on a single mRNA or on mRNA's of different sizes, rather than being generated by independent terminations. Preliminary results indicate that each of the SV40-specific proteins, including the smaller proteins of Ad2+ND2 and Ad2+ND4, is made on a different-size mRNA (C. Lawrence and T. Hunter, unpublished data). On the basis of this result and the peptide maps, it seems unlikely that the shorter proteins from Ad2+ND2 and Ad2+ND4 contain any Ad2 sequences, since these proteins are probably initiated within the SV40 sequence. Mann, unpublished data). The fact that all the SV40-specific proteins share a common C-terminal region and are initiated independently indicates that the smaller proteins in Ad2+ND2 and Ad2+ND4 are not generated by proteolytic processing, a finding that is borne out by in vivo pulse-chase experiments (13) .
Independent initiation of each SV40-specific protein could result in a unique methioninecontaining peptide not found in the other SV40-specific proteins if (i) the initiation site of the protein is internally located within a peptide normally generated by tryptic digestion of the higher-molecular-weight SV40-specific proteins, and (ii) the newly generated peptide still contains methionine. In many of the proteins, however, there is more than one unique peptide, a situation that could not result from internal initiation alone. Unique peptides could also result from modification, such as phosphorylation or glycosylation. If the unique peptides have arisen through modification, then the process must also be occurring in vitro, since the unique peptides are found in both the in vivo protein and its in vitro equivalent.
The results of others suggest that there are covalently linked Ad2-SV40 RNA molecules in cells infected by Ad2+ND1 (3, 15) , Ad2+ND3 (15) , and Ad2+ND4 (3, 46) . Hybridization of cytoplasmic RNA to SV40 DNA-Sepharose will select for hybrid Ad2-SV40 RNA molecules as well as for RNA containing only SV40 sequences. Some of these hybrid Ad2-SV40 RNA molecules seem to be mRNA's for recognized Ad2 proteins, since we have found that SV40-specific RNA from hybrid virus-infected cells codes for the lOOK, 62K, 31K, antl 26K proteins ( Fig. 5 and 6) . Anderson et al. (3) have also observed the synthesis of lOOK, 38K (which may correspond to our 31K protein), and 26K proteins in the translation products of SV40-specific RNA isolated from Ad2+ND1-infected cells. Therefore, the inserted SV40 sequences in the hybrid viruses do not appear to affect the products of the known late Ad2 genes mapping nearest to the insert (1OOK, 62K, 38K, and 26K) (36) . The early Ad2 gene coding for the 15.5K protein also maps near the position of the SV40 inserts, but may be deleted in the hybrid viruses (27, 37) . We see no evidence of the Ad2 15.5K early protein in our translation products ( Fig. 5 and 6 ). Even though there are covalently linked Ad2-SV40 hybrid mRNA molecules, there is to date no evidence that the SV40 sequence is inserted into a functional Ad2 gene. If this is true, then the SV40-specific proteins may not contain any Ad2 amino acid sequences covalently linked to SV40 sequences.
The structure of the Ad2-SV40 hybrid RNA molecules deduced from nucleic acid hybridization experiments contains about 1,000 nucleotides of Ad2 RNA at the 5' end of the RNA (15) . Clearly the Ad2-SV40 hybrid RNA molecules that are mRNA's for Ad2 proteins must contain much longer sequences of Ad2 RNA. Since the transcription of the r strand of the Ad2 genome late in infection occurs from very few promoters (14) , most of the late genes are expressed as large precursors from which individual mRNA's are subsequently processed. In the case of the hybrid viruses, such precursor transcripts will contain SV40 sequences. We propose that some small fraction of the mRNA's for the lOOK, 31K (probably corresponding to the 38K protein of Lewis et al. [36] ), and 26K proteins reach the cytoplasm before they are completely processed. Because of the restriction on internal initiation in eukaryotic cells, it is likely that such mRNA's will have the expressed Ad2 cistron at their 5' ends, with sequences including the SV40 region at their 3' ends. In keeping with this idea, we note that lOOK, 38K, and 26K proteins map just to the 5' side of the SV40 insert on the r strand (36) . Some of the mRNA's for the 62K Ad2 IV protein appear to contain SV40 sequences. Since Ad2 VOL. 24, 1977 on November 6, 2017 by guest http://jvi.asm.org/ IV maps just to the 3' side of the SV40 insert on the r strand (36), incomplete processing products could contain SV40 sequences. However, in this case, it is harder to see how the Ad2 IV gene can be expressed on such molecules, since it would not be at the 5' end of the RNA.
